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Abstract 
The article reports about the results of experimental studying of pulsed laser irradiation of the surface of glassy carbon and 
silicon samples with different crystal plane orientation. Formation of periodical nanostructures on the irradiated silicon surface 
was registered. Significant dependence of characteristics of structures from crystal orientation was found. Surface structures on 
silicon (111) have deeper pores than on silicon (100) at equal conditions of laser action. The similar nanostructures were found 
on the surface of glassy carbon after interaction with femtosecond laser radiation. 
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1. Motivation  
Interest to the problem of surface nanostructures formation results from its practical application. It may be used 
in the production of integrated circuit elements and optic devices with different absorptivity and reflectivity. The use 
of silicon is profitable due to its low cost and availability. Ordered surface structuring was observed after irradiation 
of semiconductors surface by polarized femtosecond laser [1, 2]. Femtosecond laser radiation is the most 
perspective for superficial nanostructuring of materials. This provides the big power at the small energy 
contribution. It provides processing of thin layers and excludes the lacks caused by fusion of a material. Research in 
this field shows that the shape and the spatial period of the obtained structures depend on a number of factors: 
number of pulses, radiation intensity, radiation polarization and original surface roughness. 
The work of A. Borowiec and H. K. Haugen [3] showed that the formation of surface structures does not depend 
on the semiconductor crystal orientation (GaAs) in respect to the polarization of forming radiation. It seems 
interesting to check how it works with silicon. 
The second direction of research works is studying of nanostructuring of surfaces of glassy carbon. The attention 
to glassy carbon is result of its wide application in science, technology and medicine. Glassy carbon is an isotropic 
gas-impermeable hard and strong material combining glassy properties with those of graphite. It is characterized by 
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high and low temperature resistance and extreme resistance to thermal shock. Glassy carbon is used for production 
tooling in highly aggressive fluids, for semiconductors production as well as in cardio stimulators due to its 
biocompatibility to the living tissue. Authors couldn’t find any work devoted to formation the right surface micro or 
nanostructures at glassy carbon surface and we have attempt the first step to correct this situation. 
2. Experimental setup and results 
The effects of treatment of the silicon surface by femtosecond laser radiation were studied with using the 
experimental setup shown in Figure1. That setup is very simple. Laser beam from a femtosecond laser setup was 
focused by a lens with focal distance 140 mm on surface of target. Laser radiation went perpendicular to the sample 
surface. Basic characteristics of the laser system are as follows: radiation wave length on Ti:Sapphire laser is 
800 nm, pulse duration is 50 fs, pulses repetition rate is 1kHz and single pulse energy  is 1 mJ. The pulse intensity of 
laser radiation on surface of target is 1 J/cm2 and 1010 W/cm2. Polished plates of crystalline silicon (100) and (111) 
were used as samples. The samples were irradiated in the air at room temperature. The number of pulses was 
different: from 1 to 10000. The irradiated region was examined with using scanning electron microscope Quanta 
200 3D. 
 
 
  
 
 
 
 
 
 
 
Figure 1. Experimental setup 
As a result of laser action the periodic surface structures were observed on the surface of samples of crystalline 
silicon. Figure 2 shows different stages of laser-induced periodic structures formation on the silicon surface. Crystal 
orientation is (100). 
 
   
         (a)      (b) 
Figure 2. SEM images of silicon surface of sample with crystal orientation (100) after irradiation: (a) 10  pulses of laser radiation; (b) 50 pulses of 
laser radiation. 
At an initial stage of a silicon surface modification the structures with the period of an order of 700 nanometers 
are formed (Figure 2a). Structures are created as a result ablation of a target material in narrow area in width no 
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more than 100 nanometers. At further uniform ablation of a material of the sample it would be possible to predict 
deepening of hollows and reduction of a surface of tops. The given process occurs but it isn't uniform. Within 
hollows the punched hole of deep channels is observed (Figure 2b). If the number of pulses increases to 50 the 
structures become more pronounced and the contrast increases. Deep channels have the period of an order of 1 
micrometer. At proceeding influence of laser radiation they increase but definitive connection in a continuous line 
doesn't occur. Sedimentation of products evaporation to a target surface changes conditions of absorption of laser 
radiation. There is a sintering of silicon and alignment of a relief of a surface of the sample. Images of a surface of 
silicon at a different stage of alignment are shown in Figure 3. 
 
    
         (a)      (b) 
Figure 3. SEM images of silicon surface with crystal orientation (100) on stage of destruction periodical relief and alignment of sample surface: 
(a) beginning of destruction of a periodic relief; (b) surface alignment. 
Influence of femtosecond laser radiation on silicon (111) results in similar processing of silicon (100) but there 
are differences. At the initial stage of influence of laser radiation the formation of periodic structure in the form of 
strips with a width a comparable wavelength of auctioning laser radiation (800 nanometers) is registered (Figure 4). 
Such structures it has not been registered in case of influence of laser radiation on silicon (100). Within light strips 
similarity of thin structure is observed. Such structures can be generated at sedimentation of products of ablation as 
a result of fluctuations of a plasma torch. 
 
 
Figure 4. SEM images of silicon surface with crystal orientation (111) on initial stage of irradiation. 
Further increase in the number of pulses to 100 causes reducing structures period to 700 nm and producing 
craters ~ 300 nm on the central area of irradiated region (Figure 5a). Craters are formed within a dark part of periodic 
strips. Orientation does not change and hence is independent of the sample surface crystal orientation. The remaining 
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periodic structures are preserved in the peripheral area of the irradiated spot. 
The number of pulses exceeding 1000 causes complete destruction of periodic surface structures and sintering of 
the target material in the entire irradiated area (Figure 5b).  
Thus the mechanism of surface modification involves the following stages: energy of the laser pulse is partially 
transformed into the surface electromagnetic wave; laser radiation interferes with the surface electromagnetic wave; 
surface topography changes [4].  
Interaction of laser radiation with solids is characterized by various fluctuations resulting from return coupling 
between the radiation and the surface topology. Non-linear response plays an important and often decisive role in 
laser radiation effect on the substance. Spontaneous fluctuations of the surface topography leading to the formation 
of surface periodic structures may be an example of non-linear optic effect in the laser excitation process of 
semiconductors and metals.  
 
   
         (a)      (b) 
Figure 5. SEM images of silicon surface with crystal orientation (111) after irradiation with: 200 pulses (a), 10000 pulses (b). 
Experiment on processing by femtosecond laser radiation of a target from glassy carbon has been made for 
comparison of results of surfaces nanostructuring from different materials. Femtosecond laser characteristics in this 
experiment were as follows:  pulses repetition rate is 100 Hz, pulse duration is 60 fs, pulse energy is 10 mJ, average 
radiation power is 750-850 mW. Glassy carbon sample was moved relative to the laser beam with the speed 1mm/s. 
The periodic structures are seen on carbon surface after laser action. Figure 6 shows this pattern. The period of 
formed structures is 5 ȝm. Large structures are modulated by nanostructures with the size of 70 – 100 nm. 
 
 
Figure 6. SEM images of glassy carbon surface after irradiation. 
The dependence of the glassy carbon surface structures period on the number of pulses was examined with the 
fixed position of the target material. Non-monotone dependence varying from 2 ȝm to 20 ȝm is found. 
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3. Conclusions 
The present paper reports on the experiments in the field of pulsed laser irradiation on the surface of silicon 
samples with different crystal plane orientation as well as on glassy carbon surface. 
Periodic structures formation on the silicon surface is found. Characteristics of structures and depended on the 
power of laser beam which influence on the target material, the number of radiation pulses and crystal orientation. 
For both silicon samples (100) and (111) the process of structures formation is identical. However more 
pronounced and ordered structures were obtained on the surface of silicon with the crystal orientation (111). 
Therefore the crystal orientation of the sample surface significantly affects the character of the forming periodic 
structures. 
The obtained structures have period by order laser radiation wave length and are formed at the influence slightly 
exceeding the ablation threshold of silicon. The number of pulses required for the formation of surface periodic 
structures is from 1 to 1000. Exceeding this value causes structures destruction and target material sintering in the 
irradiated area. Surface structures on silicon samples with crystal orientation (111) appear already after irradiation 
with 1 pulse and are more sharply defined than surface structures on silicon samples with crystal orientation (100). 
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